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Abstract 
In this work, the distribution of wind and dose fields after atmospheric pollution chemical accidents were simulated 
based on canopy model, and were validated by the field experiment observation data, the analysis provide important 
technical support timely and effectively when the chemical accidents happened in the community-scale. The 
validation between numerical simulation and field experiment showed that the concentration levels of simulated and 
observed agreed well under neutral and stable condition, most of the relative error of concentration is less than 1 
times; the turbulence and diffusion were influenced by the surrounding buildings clearly, more obviously under stable 
condition than under neutral condition, the simulation results embodyed that there was a ‘S’-curve law for dose 
variation with time under the wind direction of chemical accidents at the same site. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Instroduction  
With the rapid development of chemical industry, the species of toxic and hazardous chemicals, and the 
frequency of chemical accidents have been increasing, the risk of such chemical accidents also increase. In 
recent years, some criminals, terrorists carried out much destruction which endangered the public safety[1]. 
In the past twenty years, a variety of atmospheric chemical accidents happened, and most of the accidental 
release of chemical agents occurred within canopy layer. For example, one of the most unforgettable 
incidents was Bhopal tragedy, occurred in the year 1980, India, the liquid form of isocyanate leaked in the 
form of gas, causing more than 2,000 people dead, 50,000 people blind, and 550,000 people suffered 
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different degrees of damage; In the year 1995, the Tokyo subway sarin event shocked the world, that 
accident had lead 12 people dead and about 5,500 people poisoned; 2004, Chongqing Tianyuan chemical 
plant occurred chlorine leakage, about 150,000 people were transferred after the accident, causing a serious 
impact on the people’s living[2]. 2008, Anning Qitian fertilizer plant in Kunming, the hydrogen sulfide gas 
leakage accident killed 6 people, 28 people were hospitalized[3]. Those chemical accidents not only caused 
heavy casualties, but also affected the surrounding ecological environment seriously. 
Due to the specificity and significance of chemical agents  diffusion, many researchers attach great 
importance to the diffusion research from the field experiment to the theory. Up to now, a lot of models 
about the pollution diffusion have been developed[4], such as the INPIFF model of the United States 
Environmental Protection Agency, the CHARM model of the U.S.Radian Corporation, China’s HLY 
model of Chemical Labor Protection. In recent years, in the research fields of such pollution diffusion, 
concerning the suffering of terrorist attack, Huang Shunxiang et al. developed the chemical hazard 
assessment model, and  pointed out the importance of the numerical simulation in the work of responding 
to atmospheric chemical accidents, and developed Atmospheric chemical hazard Predicting and Warning 
System(APAWS)[5]. However, the buildings in canopy are parameterized in the model of this system, and 
then the model cannot simulate pollution diffusion in canopy precisely. The researches about the 
atmospheric diffusion inside the canopy layer are also many. For instance, Wang Baomin[6,7] et al 
developed the urban canopy flow model based on the standard k H turbulence model, the model can 
simulate the distribution of flow fields quite well, but it still cannot simulate and predict the hazard of 
chemical accidents in canopy. Therefore, diffusion for atmospheric chemical accident, in which the 
influence of buildings inside the canopy layer are considered, were studied.  
2.Overview of field experiment  
To better reflect the sudden character of atmospheric chemical accidents and obtain the diffusion law of 
chemical agents, a field experiment concerning pollutants diffusion was taken in a residential suburb of 
Beijing on the 4th to 6th November 2006. To reduce the tracer detection limit, SF6 as a tracer of atmospheric 
pollution, which was detected easily, was selected. In order to reflect the instantaneous characteristics of 
chemical accidents, the release time of SF6 tracer of was about 1 minute. The underlying surface of the 
experiment sites were intensive buildings, and the range of the experiment is 1km × 1.5km, in which the 
diffusion of pollutants inside canopy layer can be simulated. In order to facilitate the sampling and analysis, 
130 sampling points were set up within the experiment region; according to the experiment requirements, 
50 points for sampling each experiment under the wind direction were selected, the released gas SF6 were 
stored in the state of liquid in the cylinders, and the release quantities were 5kg or so; SF6 was colorless 
and tasteless, so a smoke was released accompany the release of SF6; a fixed meteorological station was 
established in the South and North of experiment field respectively, observing the wind speed, temperature, 
humidity and air pressure etc. real-timely; during the experiment, 10 mobile meteorological observation 
points were set, observing the wind direction and wind speed by using hand-held instrument. A total of five 
experiments were done during the trial period, determining the release point of SF6 according to wind 
direction, in order to ensure the effectiveness of sampling results, sampling personnel began to sample 
when smelling the smoke, so the sampling time of each sampling point were not synchronized.
The data this paper used were selected from the observations of 5th and 7th of November. At 6 am of 5th , 
the wind direction was northwest, wind speed was 3~4m/s, temperature was 8.3ć, neutral condition; at 6 
am of 7th, wind speed was smaller than 1m/s, temperature was -4ć or so, wind direction was northwest, 
inversion stability. The experiment site and the observation points (such as dot) were shown in Figure 1. 
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Figure 1. Tracer experiment field  
3.Numerical experiments and contrast  
Canopy model was used in this paper, this model took into account three-dimensional structure within 
canopy, using quasi-static equation, 1.5nd-closure scheme. For the pollutants diffusion within canopy 
layer, the dispersion model made use of advection and turbulence. For the purpose to validate the model 
using the observation data, the horizontal resolution of the model was chosen 10m, 10-layer vertical 
stratification, variable grid spacing in the vertical direction, the top model was set 150m, the bottom was 
set 1m, and simulated regional scale was 720m × 890m. 
3.1.Wind and concentration field under neutral condition  
The simulated time was on the morning of 5th November, neutral conditions, the wind field of 1m 
height simulated was shown in Figure 2: the dominant direction was northwest, under the influence of the 
buildings within canopy, the wind fields were disordered; in order to validate the simulated results, the 
simulated results of the canopy model were compared and analyzed, the comparison relationships were 
shown in Figure 5, the figure showed that at the initial stage, the observation and simulated results agreed 
well, however, under the influence of buildings, the simulated concentration and observed values of 
individual points had little differences as time increased, such as the observation points C6 and E8. 
                                                 
Figure 2. Canopy wind fields under neutral stability   
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The simulated results of the model were outputted once per minute. The Figure 6a showed that, the 
pollutants concentration achieved maximum instantaneously as the accidents happened nearby release 
point, the concentration curve of simulation had shown a downward trend when the simulated results were 
outputted; as shown in the Figure 6, the pollutants concentration increased quickly with time, until the 
concentration reached a maximum value, and then decreased slowly. 
3.2.Wind and concentration fields under inversion condition  
The wind fields were influenced obviously by buildings within canopy under inversion stability, the 
wind fields became more disordered between buildings, and the wind fields at the height of 1m was shown 
in Figure 3. As shown in Figure 3, the values between simulation and observation were compared. The 
contrast result from Figure 5 and Figure 7 showed that the concentration observed under inversion stability 
was about 5 times of values observed under neutral condition, and the pollutants concentration was higher 
in the first 5minutes after the release, then concentration decreased with time; Although the simulation 
under the inversion stability was 2 times of the observed values, it remained the same trend. 
                                                              
Figure 3. Canopy wind fields under inversion stability 
The output conditions set under the inversion stability were the same as the neutral stability. As shown 
in the Figure 6 and Figure 8, the concentration trend between the nearby source point and the distant source 
point under the neutral and inversion conditions were different, the concentration nearby the source point 
had a maximum value, it occurred 2 minutes after source releasing, compared to the neutral stability, the 
diffusion concentration decreased relatively slow after reaching the maximum nearby the source point;, at 
the distant source point under stable condition, the time when the diffusion concentration reached 
maximum lagged compared to neutral condition, and concentration increasing and decreasing trend were 
slower comparatively.  
3.3.Dose fields  
Most of the time, when simulating and observing diffusion of the pollutants (including chemical 
agents), we only calculated or observed the instantaneous concentration of the pollutants. In fact, the major 
chemical hazard to the surrounding living organisms depend on the product of concentration values and 
corresponding time of the chemical agents, in the field of studying chemical weapons effect, Chinese 
researchers[8]developed equation for calculating toxic dose, mainly according to sarin and soman etc, and 
the equation was validated by field experiment data from Soviet and U.S. If the temporal and spatial 
distribution of gas concentration was known, the British Health and Safety Executive Agency (HSE) 
advanced Toxic Load (TL ) concept[9,10], to estimate injury degree and calculate the risk partition. The 
Toxic Load equation was m nTL C tU , where C  was the exposure concentration, t  was the duration 
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time, U  was an coefficient that was related to dose, mainly its value was 1U d , m  was the exponent 
that was related to concentration, and n  was the exponent that was related to duration time. The effect on 
the resistant individuals of the same chemical agents[11] could be measured by TL , but the TL  of 
different chemical agents were not comparable. 
The dose values were calculated by using the Dose-Concentration equation in China and concentration 
simulated by canopy model, displayed in Figure9 and Figure10. As was shown in the Figures above, dose 
values increased faster with time nearby release point, under neutral condition, the dose level peaked after 
5 minutes of the chemical accidents, and then maintained; under inversion condition, the dose level peaked 
after 10 minutes of the accidents; the dose levels increased slowly distant from the accident point, and had 
a longer duration. 
4.Example 
As an example, on the assumption that a sarin accident happens in this suburb area, the accident source 
is settled as the field experiment under neutral stability. After 5 minutes of the sarin exposion accident, the 
lethal dose was calculated by canopy model, as shown in Figure4, half of the area northwest is influenced, 
the people in this area maybe dead after 5minutes of the accidents.   
                                                         
Figure 4. The distribution of lethal dose when a sarin accident happend
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Figure 6. Concentration drawing following time under neutral condition 
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Figure 8. Concentration drawing following time undeir inversion condition 
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Figure 9. Dose changing trend under neutral condition  
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Figure 10. Dose changing trend under inversion condition  
